It will be observed from Table I that over a range from pH 9.9 to 3.9, 43°C. for 2 hours has very little effect on the subsequent agglutinating power of antityphoid serum. It is true that a slight decrease in activity manifests itself in Tubes 4 and 5 (pH 6.0 and 5.0). This difference is probably not adventitious, since subsequent tests confirmed the observation. It is probably due to precipitation of the globulin. A really perceptible deleterious effect is observed, however, in Tubes 9 and 10 (pH 2.7 and 2.2). Here a decrease of eightfold loss of agglutinative power is observed in Tube 9, and sixteenfold in Tube 10. The experiment demonstrates that hydrogen ion concentrations of pH 5.0 and 4.6 do not have an enhancing effect on the agglutinating power of the serum, and the first hypothesis has, therefore, to be rejected.
A second explanation of the increased agglutinating activity of serum at pH 4.5 to 5.0 lies in the idea that the combination between antigen and antibody might be more complete in this zone of hydrogen ion concentration. This would be the assumption, a priori, of those who believe that the combination of antigen and antibody is infltt~ enced by electrical forces (2) . Assuming that antibody behaves in a manner similar to serum protein, the former should carry a slight positive charge at pH 4.6. The bacterium, on the other hand, is negatively charged at this point (1) . Therefore, if union between bacterium and antibody is a matter of neutralization of opposite charge, it should be more complete at pH 3.5 to 4.5, where the organism and antibody are oppositely charged, than at pH 6.0 or 7.0, where both bacterium and antibody would be negatively charged. The degree of combination is best studied by absorption experiments. Since the absorption of antibody is carried out with concentrated suspensions, it was considered necessary to determine the relationship existing between concentration of the microbic suspension and the amount of serum necessary to cause complete agglutination.
Experiment 2. Relation between Concentration of Bacterial Suspension and
Complete Agglutinating Dose of Typhoid Immune Serum.--As described above, the standard suspension used in these typhoid agglutination experiments is pre-pared by suspending the 4 times washed organisms from 150 cc. of a 16 hour broth culture in 160 cc. of distilled water. Five suspensions were now prepared. Washed organisms from 150 cc. of broth were suspended in 8, 16, 32, 64, and 160 cc. of distilled water, thus securing suspensions of 20, 10, 5, and 2.5 times the concentration of the original. 1 cc. of each of these suspensions was now tested against a series of dilutions of antityphoid serum. Glycocoll-acetate-phosphate buffer mixture, pH 6.3, was used as diluent. Incubation at 43°C. for 14 hours. "Complete agglutination" was considered to take place when the supernatant fluid was water-clear, no whorl of suspended bacteria being visible when the tube was agitated before a strong beam of light. " + + " was read when a heavy sediment was present, with a still cloudy supernatant fluid showing a distinct whorl of unagglutinated organisms. The results are summarized in Table II .
Relation between Concentration of Suspensions and Complete Agglutinating Dose of
Antitypkoid Serum. Table I I demonstrates that within the limits of suspension concentration studied in this experiment, the a m o u n t of serum necessary to agglutinate varies directly with the concentration of the suspension.
Concentration of
The results show that at least 16 times less serum is required to agglutinate completely the standard suspension than to cause the same result in the suspension of 20 times the standard. There is reason to believe that the result would have been the same had the suspension varied in exactly the same proportion as the serum dilution, that is to say 16 times. I t is therefore justifiable to calculate the agglutinating dose for a suspension 20 times the standard from a result gained from titration of serum on the standard suspension, and vice versa. AgglutiAgglutinating doses aating do~ remaining.* absorbed.
pH 3.9 Absorbed with 10 X T suspension.
Absorbed with 10 X T suspension.
* Agglutinating doses calculated for three volumes of 10 times standard suspension, since this was the concentration used in the absorbing suspension.
all supernatant fluids to a common pH. These neutralized diluted supernatant fluids were now diluted with pH 6.0 buffer by 2's to 0.000015 cc. and 1 cc. of standard suspension added to each tube. Incubation for 14 hours at 43°C. The result is given in Table III. The experiment summarized in Table III shows that at pH 3.9 and more especially at pH 3.3, much less immune body is absorbed than at pH 5.2 and 7.5. There is no sensible difference between the amount absorbed at the latter two hydrogen ion concentrations. In both cases at least 94 per cent of the agglutinating substance was removed. The removal, however, was not complete in any case. Now, the agglutinating power of immune serum is distinctly higher at pH 5.2 than at pH 7. 5 (1, 3) . Therefore, it is evident that this increased effectiveness cannot be ascribed to a more complete quantitative union at 5.2 than at 7.5.
This experiment was subsequently elaborated and modified in certain respects. In the first place it is desirable, for constant results, to use a more concentrated absorbing suspension. Again the reaction is better conducted at room temperature than at 43°C., since at lower pH (3.3 to 3.0) the destructive effect of temperature on immune body begins to be a marked one. Finally, it seemed wise to conduct the experiment at a greater number of CH, thus filling in the gaps existing in Experiment 3.
Experiment4. Combination of Antigen and Antibody at Various Hydrogen Ion
Concentrations.--2.0 cc. quantities of antityphoid horse serum, diluted 1:50 in buffer mixtures, pH 7.5, 5.2, 4.7, 3.9, 3.3, 3.0, and 2.7 were mixed with 2.0 cc. amounts of B. typkosus suspension 20 times the concentration of the standard (organisms from 150 cc. broth suspended in 8 cc. distilled water). Similar amounts of immune serum diluted with buffers of same pH were mixed with equal amounts of distilled water. These latter served as controls. M1 tubes were allowed to stand at room temperature (18°C.) for 11 hours.
The tubes with the immune serum B. typhosus mixtures were then centrifuged at 3,000 R.I'.M. for 30 minutes. The supernatant fluids, together with the controls (immune serum + distilled water) were now diluted 10 times with buffer pit 6.5, bringing all mixtures to that pH.
These dilutions, equivalent to 0.001 cc. of original serum, were diluted by 2's to 0.000007 cc. of the original; 1 cc. of standard 4 times washed distilled water suspension was added to each tube, and all were incubated at 43°C. for 14 hours.
The smallest amount causing complete agglutination was taken as the criterion for the agglutinating unit. The agglutinating units recorded after the last incubation (supernatant fluids + standard suspension) were calculated to the agglutinating units required for the absorbing suspension (20 times the standard). This was done by dividing by 40 (since twice the volume of suspension was used in the adsorption experiment), in accordance with Experiment 2.
The results are given in Table IV . Antityphoid serum absorbed with concentrated suspension. Anfityphoid serum + distilled water.
Control.
Antityphoid serum absorbed with concentrated suspension. Antityphoid serum q-distilled water.
Antityphoid serum absorbed with concentrated suspension. Anfityphoid serum q-distilled water Control.
Antltyphoid serum absorbed with concentrated suspension. Antityphoid serum @ distilled water, Control.
Antityphoid serum absorbed with concentrated suspension. Antityphoid serum -F distilled water.
Antityphoid serum absorbed with concentrated suspension. Anfityphoid serum -k distilled water.
Anfityphoid serum absorbed with concentrated suspension, Antityphoid serum -F distilled water.
Control. Control experiments on the effect of time showed that the combination was almost instantaneous, in agreement with results on the potential (1). The results therefore are not due merely to a different speed of combination but to a difference in the final stage.
Table IV confirms the conclusion drawn from Experiment 3; i.e., that there is no demonstrable difference between the amount of immune body absorbed at pH 4.7 and that taken up at 5.2 and 7.5.
Relation of the Results of the Absorption and Agglutination Experiments.
The experiments described in the preceding paper (1) show that the amount of immune serum or of protein required to agglutinate bacteria depends entirely on the pH at which the experiment is performed. The nearer the pH is to the acid agglutination zone of the organism in question, the smaller the amount of serum required to agglutinate. This result has also been obtained by Michaelis and Davidsohn (3) and by Eggerth and Bellows (4) . The present experiments show that this result cannot be ascribed to an increase in the amount of antibody combined in this region nor to any increase in the amount of immune body. These results also show that the combination between organism and immune body is independent of the charge, since the amount of immune body combined at pH 4 to 5, where the organism is negative and the immune body positive, is the same as in the range between 5 and 8~ where both are negative. The influence of salt on the combination of antibody and organism also contradicts the idea that the combination is caused by opposite electric charges. If this were the case the combination should be greatest when the charges were greatest. Salt, however, decreases the charge but increases the combination. The same fact is brought out by Loeb's (7) experiments with collodion treated with gelatin. The collodion is always negative yet will become coated with alkaline gelatin solutions in which the gelatin is also negative.
The present experiments could be explained by assuming that the immune body was always positive and that the reversal found by IV[ichaelis (and which was confirmed in the course of this work) was due to the fact that the immune body was carried along with the globulins as is the case with pepsin (Pekelharing and Ringer (5)). This explanation, however, could not account for the experiment shown in Fig. 3 of the preceding paper (1), which shows that at a pH of 3.0, where the organisms themselves are positive, the addition of serum increases this positive charge. It would seem to be improbable that an increase in a positive charge could be caused by combination with a substance having a negative charge. The experiments may be simply accounted for if it be supposed that the antibody or protein forms a film on the surface of the organism and is held by the ordinary forces of valence. This mechanism has been found by Langlnuir (6) to exist in the case of oil films on water. The portion of the surface that is covered would then acquire the characteristics of the added substance. It is evident from this point of view that the smaller the charge on the original particle, the smaller the amount of the surface which would have to be covered in order for the particle to have the charge of the added substance; in other words, the less the amount of substance necessary to agglutinate. This is the experimental fact. This is clearly shown in Fig. t in which the charge on the organisms, the amount of serum to agglutinate, and the amount of antibody combined, are plotted against the pH. The figure shows that there is no relation between the amount of antibody in combination and the amount required to agglutinate, but a very close connection between the amount required to agglutinate and the charge carried by the organism.
The independence of the agglutination and sign of charge is also shown in Table V . In this experiment the amount of serum necessary to agglutinate organisms in NaC1 in which they are negative is compared to the amount of serum required to agglutinate the same suspension in Cu acetate in which they carry an equal positive charge.
The mechanism of film formation will also account for the results of Arkwright (8) who found that Bacterium coll, sensitized with washings from Bacillus typhosus, could be agglutinated by anti-Bacillus typhosus serum. It was found that the same experiment could be performed with egg albumin. Bacillus typhosus, in the presence of egg alb~lmlu, could be agglutinated with anti-egg albumin serum.
These experiments show, therefore, that the combination between organism and agglutinin (or protein) is not due to opposite electric charges, but that the effect on the charge is the result of the combination. 
